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Rotor for an electric motor 

The invention concerns a rotor for an electric motor, par- 
ticularly an electric line-start motor, with axially ex- 
tending receiving spaces for permanent magnets and with 
axially extending accommodating spaces for conductor rods. 

The term electric line-start motor is used for hybrid a.c. 
motors, which represent a combination of an a.c. asynchro- 
nous motor with an a.c. synchronous motor. Such an elec- 
tric line-start motor comprises a stator with several sta- 
tor windings. The stator windings generate a rotating 
field, which generates a voltage in a rotor, which causes 
the rotor to rotate. The rotor of an electric line-start 
motor comprises features of both the rotor of an a.c. 
asynchronous motor and of the rotor of an a.c. synchronous 
motor. Line-start motors can also be dimensioned for one- 
phase mains supply, if required using an operating capaci- 
tor . 

In the rotor of an a.c. asynchronous motor, which can also 
be called induction motor, conductor rods, for example of 
aluminium or copper, are located substantially in the ax- 
ial direction. At the front sides of the rotor, the con- 
ductor rods can be connected by short-circuit rings. To- 
gether with the short-circuit rings, the conductor rods 
form the rotor winding and can have the shape of a cage, 
which is the reason why such a rotor is also called a 
squirrel cage rotor. During operation, the rotating field 
of the stator winding causes a current change in the con- 
ductor loops of the initially still standing rotor. The 
current change speed is proportional to the rotational 
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speed of the rotating field. The induced voltage permits 
current to flow into the rotor conductor rods connected by 
short-circuit rings. The magnetic field generated by the 
rotor current causes a torque, which drives the rotor in 
the rotation direction of the stator rotating field. When 
the rotor would reach the rotational speed of the stator 
rotating field, the current change in the conductor loop 
concerned, and thus also the torque causing the rotation, 
would be zero. Therefore, in a.c. asynchronous motors, the 
rotor speed is always smaller than the rotating field 
speed. Thus, the speed of the rotor is not mechanically 
synchronous with the rotating field speed. 

In the rotor of an a.c. synchronous motor, for example, 
permanent magnets can be located, which generate a mag- 
netic rotor rotational field during operation. When the 
stator winding is provided with alternating current, the 
poles of the rotor are attracted by the counter-poles of 
the stator rotating field and shortly after repulsed by 
its uniform poles. Due to its mass inertia, the rotor can- 
not immediately follow the stator speed. When, however, 
the rotor has almost reached the speed of the stator ro- 
tating field, the rotor is, in a manner of speaking, 
pulled into the stator rotating field speed and runs on at 
that speed. This means that after the start of the rotor, 
the rotor runs synchronously with the stator rotating 
field speed. 

The rotor of an electric line-start motor comprises both 
permanent magnets and conductor rods. The conductor rods 
form a starting aid for the rotor. When the speed of the 
stator rotating field has almost been reached, the perma- 
nent magnets evolve their effect. Thus, the electric line- 
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start motor combines the good starting properties of an 
asynchronous motor, that is, large starting torque, with 
the high efficiency of the synchronous motor. When start- 
ing the motor, the conductor rods evolve their effect, 
whereas actually the permanent magnets only have an inter- 
fering- effect during the start of the motor. In synchro- 
nous operation, however, for example at 50 Hz or 3000 rpm, 
the permanent magnets evolve their effect, whereas the 
conductor rods no longer contribute to the generation of 
the torque, as no voltage is induced into the conductor 
rods during synchronous operation. 

The magnetic field existing in an air gap between the ro- 
tor and the stator during operation of the electric line- 
start motor comprises two components. The first component 
of the resulting field is caused by the stator windings. 
This is also called rotating field. The second component 
of the resulting field is caused by the permanent magnets. 
During operation of traditional electric line-start motors, 
as known from, for example, WO 01/06624 Al, torque fluc- 
tuations may occur, which are not desired. 

Therefore, the task of the invention is to provide a rotor 
according to the preamble of claim 1, particularly for an 
electric motor according to the preamble of claim 14, 
which makes the magnetic field approximately sine-shaped 
during synchronous operation. 

This task is solved by a rotor having the features of 
claim 1. Preferred embodiments of the invention are dis- 
closed in the subclaims. 
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It is desired that during synchronous operation the field 
strength of the magnetic field existing between the rotor 
and the stator is approximately sine-shaped. This, however 
is counteracted by the permanent magnets in the rotor, 
which cause an angular course with traditional electric 
line-start motors. The desired sine-shaped rotating field 
is distorted by the traditional permanent magnets, thus 
contributing, during the synchronous operation, to torque 
fluctuations or torque pulsations, respectively. This un- 
desired distortion during synchronous operation is gener- 
ated in that the field strength of the permanent magnet is 
distributed in an unweakened manner over the rotor surface 
In the direction of the magnet axis, the permanent magnets 
mainly determine the field. With traditional electric 
line-start motors, the rotor is thus only partly com- 
pletely conductive for the magnet field of the stator in 
the direction of the neutral axis, not, however, in the 
direction of the magnet axis. 

The rotor according to the invention is preferably a rotor 
for -an: electric motor, particularly an electric line-start 
motor* with axially extending receiving spaces for perma- 
nent magnets and with axially extending accommodating 
spaces for conductor rods. At least in a sector of the ro- 
tor, the accommodating spaces for the conductor rods have 
a substantially elongate cross-section. When regarded in 
the cross-section, the accommodating spaces for the con- 
ductor rods in this sector are curved along their longitu- 
dinal axis. During investigations made in connection with 
the present invention, it has turned out that the torque 
fluctuations occurring with traditional electric line- 
start motors are caused by the fact that the course of the 
field strength of the resulting magnetic field in the air 
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gap between stator and rotor over the rotation angle is 
not sine-shaped but, at least partly, angular. With the 
embodiment and the location of the accommodating spaces 
for the conductor rods according to the invention, an ap- 
proximately sine-shaped course can be achieved during op- 
eration. 

A preferred embodiment example of the rotor is character- 
ised in that several permanent magnets, particularly four 
permanent magnets, are located so that they generate a ro- 
tating magnet field with a neutral axis and a magnet axis, 
which is arranged to be perpendicular to the neutral axis. 
The curvature radii of the accommodating spaces for the 
conductor rods decrease from the neutral axis in the di- 
rection of the magnet axis, which means that the curvature 
radii are smaller close to the magnet axis than close to 
the neutral axis. The neutral axis extends, where the per- 
manent magnets generate no magnet field. The magnet axis 
extends, where the magnet field generated by the permanent 
magnets is strongest. The field strength of the permanent 
magnet'field can, for example, amount to 1.5 Tesla. The 
magnet field generated by the stator windings runs from 
the stator through the rotor and back into the stator. The 
reduction of the curvature radii from the neutral axis to- 
wards the magnet axis causes that the magnet field lines 
occurring from the stator during the start can penetrate 
the rotor in a good manner. 

A further preferred embodiment example of the rotor is 
characterised in that the distance between the accommodat- 
ing spaces for the conductor rods is constant. During 
tests made within the frames of the present invention, 
this embodiment has proved to be particularly advantageous. 
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A further preferred embodiment example of the rotor is 
characterised in that in a cross-sectional view the accom- 
modating spaces for the conductor rods are curved and ar- 
5 ranged along their longitudinal axis in such a manner that 
the distance of the accommodating spaces for the conductor 
rods to the rotational axis of the rotor, in a cross- 
sectional view through the rotor, increases from the neu- 
tral axis in the direction of the magnet axis. This cre- 
10 ates free spaces, in which the field lines of the magnet 
fields generated by the stator windings can penetrate the 
rotor . 

A further preferred embodiment example of the rotor is 

15 characterised in that in a cross-sectional view through 
the rotor and disregarding the curvature of the accommo- 
dating spaces, the longitudinal axes of the accommodating 
spaces for the conductor rods are aligned substantially 
radially in relation to the rotor, and in that in a cross- 

20 sectional view through the rotor the longitudinal axes of 
the accommodating spaces of the conductor rods are ar- 
ranged to be turned in relation to the magnet axis in such 
a manner that in a cross-sectional view through the rotor 
the radial outer ends of the accommodating spaces for the 

25 conductor rods are located at a smaller distance to the 

magnet axis than with a radial alignment. This means that 
in the vicinity of the magnet axis of the permanent mag- 
nets the longitudinal axes of the accommodating spaces for 
the conductor rods extend substantially in parallel to 

30 said magnet axis. This again causes that, also in the vi- 
cinity of the magnet axis; the magnet field generated by 
the permanent magnets can penetrate in an unhindered man- 
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ner between the accommodating spaces for the conductor 
rods . 

A further preferred embodiment example of the rotor is 
characterised in that in a cross-sectional view each ac- 
commodating space for the conductor rods has two side 
walls, which have different curvatures. Thus, the accommo- 
dating spaces for the conductor rods have a substantially 
sickle-shaped design. 

A further preferred embodiment example of the rotor is 
characterised in that the curvature radii of the side 
walls of the accommodating spaces for the conductor rods 
are reduced from the neutral axis towards the magnet axis. 
The smaller the curvature radius of the side walls is, the 
smaller is the length of the accommodating space enclosed 
by the side walls. During tests of the efficiency of the 
electric motor within the frames of the present invention, 
this has turned out to be advantageous. 

A further preferred embodiment example of the rotor is 
characterised in that in a cross-sectional view through 
the rotor, the inwardly turned ends of the side walls of 
the accommodating spaces for the conductor rods are con- 
nected by a rounded connecting wall. This has turned out 
to be particularly advantageous from manufacturing- 
technical and functional points of view. 

A further preferred embodiment example of the rotor is 
characterised in that the connecting walls of all accommo- 
dating spaces for the conductor rods have the same radius. 
This causes that radially inside the distance between the 
.side walls is also constant. 



A further preferred embodiment example of the rotor is 
characterised in that the receiving spaces for the perma- 
nent magnets are curved and arranged around the rotational 
axis of the rotor in such a manner that in a cross- 
sectional view through the rotor the distance between the 
receiving spaces for the permanent magnets and the accom- 
modating spaces for the conductor rods is larger in the 
area of the magnet axis than in the area of the neutral 
axis. This ensures sufficient space for the magnetic field 
lines of the magnet field generated by the stator. 

A further preferred embodiment example of the rotor is 
characterised in that in a cross-sectional view through 
the rotor the receiving spaces for the permanent magnets 
have the shape of bows^ which are arranged in the shape of 
an ellipse, whose main axis covers the neutral axis and 
whose auxiliary axis covers the magnet axis. During opera- 
tion of the device according to the invention, this has 
turned out to be particularly advantageous with regard to 
the distribution of the magnet field;, lines . 

A further preferred embodiment example of the rotor is 
characterised in that the rotor has at least one transi- 
tion zone, in which the accommodating spaces for the con- 
ductor rods are not curved. The rotor can have the shape 
of a rotor lamination mounted on a shaft. In the transi- 
tion zone laminated sheets may be arranged, which have no 
curved accommodating spaces for the conductor rods. The 
transition zone helps achieving a so-called helical groove, 
meaning that a conductor rod at a first end of the rotor 
is offset in relation to the conductor rod at the other 
end of the rotor. This offsetting, for example between 10 
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and 20 mechanical degrees, is achieved in the transition 
zone, as the conductor rod does not run in parallel with 
the rotational axis of the rotor, but laterally inclined. 
The helical groove causes a desired, substantial reduction 
of the amplitude of the magnetic harmonics interfering in 
the rotary field. The transition zone comprises, for exam- 
ple, 10 to 20 sheets, whose receiving spaces are offset in 
relation to each other. 

A further preferred embodiment example of the rotor is 
characterised in that the accommodating spaces for the 
conductor rods are closed on the radial outside. Prefera- 
bly, the accommodating spaces for the conductor rods are 
located on the outer circumference of the rotor, and even 
though they have closed cross-sections, they can also be 
called grooves. The fact that the accommodating spaces are 
closed causes that the high-frequency shares in the magnet 
field induce no loss currents in the conductor rods. 

With an electric motor, particularly an electrical line- 
start motor, with a stator comprising a plurality of wind- 
ings, the task mentioned above is solved in that a previ- 
ously described rotor is arranged to be rotational inside 
the stator. By means of the rotor according to the inven- 
tion, the magnet field during the start of the electric 
motor can be controlled so that gaps in the magnet field 
of the permanent magnets can be filled. With the approxi- 
mately sine-shaped course of the magnet field or the mag- 
net field strength or the magnetic current intensity, re- 
spectively, efficiencies of more than 90% can be achieved. 

A preferred embodiment example of the electric motor is 
characterised in that short-circuit rings are arranged on 
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the front sides of the rotor, said short-circuit rings 
connecting the conductor rods with each other. The short- 
circuit rings and the conductor rods form a cage, into 
which a voltage is induced. 

Further advantages, features and details of the invention 
occur from the following description, in which an embodi- 
ment example is described in detail with reference to the 
drawings, showing: 

Fig. 1 the view of a cross-section through the rotor 

Fig. 2 a scaled down view of the rotor in Fig. 1 with 

field lines of the magnet field generated by the 
permanent magnets 

Fig. 3 the rotor in Fig. 2 with field lines of the mag- 
net field generated by a stator. 

Fig. 1 shows a cross-section of a rotor 1 of an electric 
line-start motor. The rotor 1 has a central through-hole 2 
serving the adoption of a shaft (not shown) , via which the 
torque generated by the electric motor can be supplied. 

Four receiving spaces 4, 5, 6, 7 for permanent magnets 10, 
11, 12, 13 are located around the through hole 2. The re- 
ceiving spaces 4 to 7 extend in the axial direction, at 
least over a part of the length of rotor 1. In a cross- 
sectional view, the four receiving spaces 4 to 7 for the 
permanent magnets 10 to 13 are arranged in the form of an 
ellipse. The poles of the permanent magnets are marked by 
means of the capital letters N for North Pole and S for 
South Pole. The arrangement of the permanent magnets shown 
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leads to the formation of a magnet field, whose field 
strength is zero along a neutral axis 16 and largest along 
a magnet axis 17. 

Towards the outside, the rotor 1 is bordered by a circular 
cylinder shield, whose circumference accommodates a plu- 
rality of accommodating spaces 20 to 25 and 28, 29 for 
conductor rods. The accommodating spaces for conductor 
rods (not shown) extend in the axial direction over the 
whole length of the rotor 1. In relation to the neutral 
axis 16 and the magnet axis 17, the rotor 1 in itself is 
made to be symmetrical. Thus, for reasons of clarity, only 
the accommodating spaces 20 to 25 and 28, 2 9 for the con- 
ductor rods are provided with reference numbers. 

Each accommodating space for a conductor rod, which could 
also be called an accommodating space for a conductor 
winding, comprises two side walls 31 and 32, which are 
connected by a semicircle-shaped connecting wall 34. At 
the outer end, the longitudinal accommodating spaces for 
the conductor rods are made to be pointed or obtuse in a 
tapered manner. The distances 35 to 39 between the out- 
wardly facing ends of the accommodating spaces for the 
conductor rods are constant. 

Fig. 1 shows that the two side walls of the accommodating 
space 28 are made to be concave. As opposed to this, the 
two side walls of the accommodating space 29 are made to 
be convex. The accommodating space 28 is divided into two 
identical halves by the neutral axis 16 and the accommo- 
dating space 29 is divided into two identical halves by 
the magnet axis 17. Each of the accommodating spaces 20 to 
25, located between the accommodating spaces 28 and 29 and 
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thus between the neutral axis 16 and the magnet axis 17, 
has a convex and a concave side wall. The curve radius of 
the accommodating spaces 20 to 25 decreases from the neu- 
tral axis 16 in the direction of the magnet axis 17. This 
means that the accommodating space 20 has the largest 
curve radii and the accommodating space 25 has the small- 
est curve radii. 

Fig. 2 partly shows the magnet field generated by the per- 
manent magnets 10 to 13 in the form of magnet field lines. 

Fig. 3 partly shows the magnet field generated by a stator 
(not shown) during the asynchronous start of the rotor in 
the form of magnet field lines. The arrows 4 8 and 4 9 in 
Fig. 3 show the magnetic current through the rotor 1. 

The curved accommodating spaces for the conductor rods, 
which can also be called grooves, involve the advantage 
that the magnet field generated during operation of the 
electric line-start motor (not shown) is led through the 
rotor 1 in a controlled manner. Thus, during operation of 
the electric motor, an approximately sine-shaped course of 
the field strength of the resulting magnet field can be 
generated in the air gap between stator and rotor. 

During synchronous operation of the electric motor the 
primary function of the curve of the grooves or accommo- 
dating spaces, respectively, for the conductor rods is to 
distribute the magnet field generated by the permanent 
magnets in a sine-shaped manner in the air gap between ro- 
tor and stator. Accordingly, the magnet field is weakest 
in the area of the neutral axis and strongest in the area 
of the magnet axis. 
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Further^ during the start of the electric motor, the 
curved design of the accommodating spaces for the conduc- 
tor rods and the special location of the conductor rods 
provide much space for the magnet field of the stator 
penetrating the rotor. As shown in Fig. 3, sufficient 
space for the penetration of the magnet field lines is 
available between the accommodating spaces 24 and 25 for 
the conductor rods and the permanent magnets 11. Thus, 
magnetic bottlenecks are avoided, which could cause an un- 
desired saturation of the rotor sheet. The special loca- 
tion of the permanent magnets further increases the avail- 
able space. 

By means of the invention it is achieved that during the 
start of the electric motor the magnet field is controlled 
so that gaps in the magnet field, which are caused by the 
permanent magnets, are filled. 



